In the following, we consider an infinite dimensional system as a dynamical model. We analyze the dynamical state of the system from its time history, pseudo and phase space trajectories, and power spectrum.
The dynamical state of the system is correlated with the local bifurcation of the interface.
Formulation
The problem of interest is shown in Figure 1 , two miscible liquids with distinct density meet initially at a planar interface. This realization has been shown to be possible in a microgravity environment. The two fluids are subjected to a body force parallel to its interface. ax'-_0--S =-_" (3) a;l fa2; a2;]
The velocity components and vorticity are defined as,
The boundary conditions are no-slip along the wall boundaries (1-') ITe/_=0 on F (7) and the condition of impermeability normal (K) to the boundary, VC*.//=0on F (8)
Since we are considering an initial value problem, the concentration field has prescribed values of 1 and 0 for the left and right fluids respectively, with a value of 0.5 for the interface,
The concentration field equation is normalized with C* = (C-Cjs)/(CA-CB). The parametric space (A) of the above set of equations
consists of the Stokes-Reynolds (Res) number, the amplitude ratio (AR), the Schmidt number (Sc), and the phase angle 0 defined as,
For the parameters of interest, the Schmidt number is kept constant as well as the phase angle. Thus the flow field as well as the dynamical evolution of the interface can be expressed as a co-dimension two problem,
V=_7(x,y,t;Res, AR)
We used finite difference to solve the coupled set of equations (3-5). Since we are interested in the asymptotic dynamics of the system, we used an explicit scheme with a third order Adams-Bashforth technique for time discretization. The Flux Corrected Transport algorithm is used to resolve the sharp discontinuity of the interface 3. A 90 × 90 grid size is used for spatial resolution and found to be adequate over the parametric range of interest. We mostly varied Res for our parametric studies, however, we found that the results are sensitive to the magnitude of AR.
Discussion antl Computat|rnal Resulfs
The parametric space considered consists of variation of the amplitude of excitation (mgo), input frequency (_o), while keeping the background DC acceleration (ngo=10"rgo, go=980cm/sec 2) and phase angle The metric used to quantify the response of the interface to various excitation input is its wavelength 0Q which is a function of Res and AR, k = k(Res, AR) (13)
Even the co-dimension two bifurcation problem is a formidable computational task because the system loses and gains stability over a dense parametric set similar to the logistic map model 4. Even though all the fine details of the bifurcation sequence are not computed, the range of parameters in Table 1 gives a broad glimpse on typical scenarios.
Over most of the parametric space, we varied mgo, a narrow range of o was considered.
Effect of Flow Field on Dynamics of Interface
In order to correlate the dynamical equilibrium of the flow field in phase space with the interface response, we show in Figure 2 the Figure 3 . The wavelength is estimated from its average value at the center of the cavity. The dependence of ?_on Res follows a power law
C is a constant and n is less than I; the decrease in wavelength is similar to a turbulent cascade. In contrast the maximum magnitude of the velocity Y[mar ' shown in Figure 4 , increases with Res and also follows a power law in which n is greater than 1,
The functional relationship of?, and Vm_ on Res illustrate the global trends. Much more details would be needed to show the bifurcation details as found for example in the logistic map.
Dyamical State of the Flow Field
We characterize the dynamical state of the system from the time history of the asymptotic dynamics of the fl0w field. The limit set of the time history is obtained fromboththepseudo andphase space trajectories. Fora givenfrequency andamplitude ofexcitation, theresponse of thesystem is obtained fromitspower spectrum. The estimated powerspectrum for the v component of the velocity fieldiscalculated from,
in which R is the finite duration of the time interval. The smooth spectral estimate Pv(f ) is obtained using a
Hanning x_"indow for filtering, and a convolution relation as,
Wd f ) is the spectral window for filtering. The power spectrum is estimated using the Cooley-Tukey algorithm, which employs the use of Fast Fourier Transforms 6'7. The phase-space trajectory, which shows the evolution of a nonchaotic attractor. It is known that strange nonchaotic atttractors exist for quasi-periodically forced systems 9"_°'_l however they are not smooth manifolds in phase space. Even though the attractors shown in Figure  6 are nonchaotic, they are not strange. This study gives insight into parametric regions for which an infinite-dimensional system may display these so-called strange nonchaotic attractors.
A rational subharmonic bifurcation is shown in This attractor has the attributes of folding and stretching which typifies unpredictability. The results for Res in the interval of 7.6 to 42.75 show that there is a sequence of window for which the system gains stability to become periodic and loses stability to become chaotic similar to the logistic map.
Summary and Conclusions
We considered the nonlinear dynamics of flow fields, which destabilizes an interface through the Kelvin- 
